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Abstract 

Background: Bilaterally absent N20 components of the sensory evoked potentials (SEP) from the median nerve are 
regarded as accurately predicting poor outcome after cardiac arrest. 

Case presentation: We are reporting on a patient, who regained consciousness despite this ominous finding. Early 
after cardiac arrest, MRI showed signal alterations in diffusion weighted imaging (DWI) bilaterally in the primary 
visual and sensorimotor cortex and in the basal ganglia. SEP were repeatedly absent. The patient survived shut out 
form sensory and visual experience and locked in for voluntary movements, but kept her verbal competence in 
several languages. 

Conclusion: SEP inform about integrity only of a narrow cortical strip. It is unguarded, but common practice, to 
conclude from absent SEP, that a patient has suffered diffuse cortical damage after cardiac arrest. Cerebral MRI with 
DWI helps to avoid this prognostic error and furthers understanding of the sometimes very peculiar state of mind 
after cardiac arrest. 
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Background 

It is generally held that patients who have lost cortical 
somatosensory potentials (SEP) after successful cardio 
pulmonary resuscitation will never regain consciousness 
[1,2], This may become a self fulfilling prophecy if re- 
habilitative and life sustaining efforts are curtailed. Evi- 
dence for this belief is limited. Few patients have been 
followed for longer than 6 months after arrest [3]. We re- 
port on a young adult patient who was comatose without 
cortical SEP following CPR, yet recovered consciousness 
later. Coma remission scale (CRS) [4] and interdisciplinary 
team conferences were prospectively documented every 
week. DWI was performed 3 days after the event. Infor- 
mation about the patients communicative behaviour was 
provided by a close friend, who studied medicine. 

Case presentation 

A promising young architect of 25 years with hereditary 
long QT syndrome suffered from cardiac arrest during a 
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generalized epileptic seizure in 2003 [5]. Cardiopulmo- 
nary resuscitation (CPR) was started immediately. Re- 
turn of spontaneous circulation was achieved after 
approx. 30 min. The patient was initially cooled to 33°C 
for 24 hours and remained comatose after rewarming 
with a Glasgow Coma Scale of 4 (E1V1M2). Pupils were 
reactive to light and vestibulo-ocular reflexes were ab- 
sent. EEG showed no signs of epileptic activity and no 
burst-suppression pattern. Vigorous generalized myo- 
cloni not responsive to valproic acid necessitated con- 
tinuous deep sedation from days 2 - 14. Neuron specific 
enolase (NSE) was measured daily for the first five days 
and reached a maximum at 48.8 ng/mL (n < 12.5 ng/mL) 
on day 4. 

MRI with DWI two weeks post CPR showed bilateral sig- 
nal alterations in the primary visual and sensorimotor cor- 
tex and in the basal ganglia (Figure 1). N13 was present, 
but cortical SEP responses after median nerve stimulation 
were bilaterally absent on days 5 and 8 after CPR (Figure 2). 
Against the advice of the treating physicians, the family 
insisted on implantation of a defibrillator to prevent cardiac 
arrests. At a second attempt of rehabiliation six months 
after CPR, even gentle touch triggered myoclonic showers 
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and massive flexor spasms which were unresponsive to 
anticonvulsants and prohibited any therapeutic approach. 
Continuous transdermal fentanyl, intended as palliative 
treatment, enabled therapeutic contact and rehabilitation. 
Seven months after CPR, our patient was able to fixate for 
several seconds and inconsistently followed moving objects 
with her eyes. Eight months after CPR, she voluntarily 
turned her head. Nine months after CPR, she seized food 
with her lips, answered questions with "a" for "ja [yes]" and 
"o" for "nein [no] "and welcomed visitors with "ao" for 
"hallo". Ten months after CPR, she started to moan persist- 
ently. She seemed to realize her condition. Discharge to the 
family home was planned to facilitate grieving and coping. 

Three years after CPR, a friend of her wrote: "there are 
so many small and large things you should witness: her at- 
tention and understanding of situations, her allusions to 
the past, her jokes, joy, laughing and teasing." This letter 
triggered an interview with this friend four years after 
CPR. At that time our patient had learnt to change her 
position in bed but still was helpless with her limbs. She 
was sitting in her wheelchair most of the day. Food had to 
be put on her tongue. Sometimes she teased her feeders 
by keeping her mouth closed despite still signalling appe- 
tite. After a comment, "you are kidding", she expressed 
fun and opened her mouth again. Her signal to finish feed- 
ing was mouth closure and facial expression of avulsion. 
Her repertoire of facial expressions included consterna- 
tion, surprise, joy, fear, sadness and disgust. When making 
fun of someone she uttered a staccato laughter "ha, ha, 
ha". Except when laughing she was unable to articulate the 
phoneme "ha". A very broad "e" accompanied the facial 
expression of disgust but she was unable to produce an "e" 
when trying to speak. Consternation was accompanied by 
humming but she could not hum voluntarily. Talks about 
previous delightful joint holiday episodes could make her 
congenially delighted but also sad, suggesting mourning. 
Thus her responses were not just mirror emotions. She 
showed dissent when intentionally offered wrong facts 
such as birthdays or names, followed by joy at correction. 
Deliberately mispronounced English words provoked fun. 
She discriminated absurd and meaningful Russian sen- 
tences by consternation or assent. She also learned neolo- 
gisms which elicited joy when used again. A private video 
shows her happily rocking in her wheelchair while listen- 
ing to a song. She had favourite songs from before and 
after her cardiac arrest. 

Her mood and attention had deteriorated about half a 
year before the interview, three and a half years after 
CPR. She frequently cried heavily for up to twenty mi- 
nutes, followed by exhaustion. It was impossible to lo- 
cate the pain by extensive guessing. Eventually a bad 
tooth was extracted and pain attacks stopped. 

Ten years after CPR, one of the authors visited her at 
home. He was welcomed cheerfully. She confirmed by 



nodding that she recognized his voice. Her bright mood 
made it hard to answer in the negative. She had to calm 
down, before she could negate deliberately wrong letter 
propositions during a spelling trial of her first name. She 
happily approved the correct proposal of the first letter. 
After this success, her joy prevented any further negat- 
ing which would have included frowning. 

Involuntary, mostly horizontal, irregular saccades were 
present almost continuously. They became chaotic with 
agitation. Questions about her visual experience pro- 
voked only vague responses. Her brother had noticed 
that she lost attention for television when he turned off 
the volume. 

Conclusion 

It is easy to overlook cognitive capacities in unrespon- 
sive wakeful patients [6]. Five of 54 patients in a vegeta- 
tive or minimal conscious state were able to comply 
with motor and spatial imaging tasks during functional 
MRI [7]. Two of these five patients are described in de- 
tail. The seminal patient of this series [8] showed behav- 
iours ranking not higher than 13 of 62 according to the 
Wessex Head Injury Matrix [9] at the time of functional 
MRI. This level is in the range of basic early behaviours 
of coma-recovery, which are thought to be mostly react- 
ive [9]. The patient had a unilaterally preserved N 2 o 
component of the SEP. The second detailed description 
(7, suppl. inf.) deals with a patient who was considered 
to be in a vegetative state after specialized thorough as- 
sessment for one month. At the time of the functional 
MRI eighteen months later, only 6 of 10 standardized as- 
sessments yielded inconsistent responses to some com- 
mands, but no functional or intentional communication. 
The risk of overlooking cognitive capacities was even 
higher in our patient because generalized myoclonus 
precluded any assessment. This myoclonus was neither 
classifiable as generalized early myoclonus which is a 
transient phenomenon occurring within one day after 
resuscitation, nor as chronic hypoxic myoclonus which 
is an action myoclonus associated with voluntary move- 
ments [10]. It was an unusual phenomenon, but together 
with the missing cortical sensory evoked potentials it 
was thought to be inauspicious. Moreover, recovery of 
consciousness was deemed extremely unlikely later than 
three months after non- traumatic brain injury, before 
the availability of functional MRI [11]. 

Our patient survived only because her parents insisted 
on continued intensive care treatment despite the firm 
conviction of her neurologists that she would remain 
unconscious because of absent cortical SEP responses. 
This "accurate" predictor of poor outcome has an esti- 
mated false positive ratio of 0.7% (95% confidence inter- 
val 0.1 to 3.7) [3], even after therapeutic hypothermia 
[12]. The MRI shows why the SEP had been misleading 
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in our patient: the primary sensory cortex, the generator of 
the N 2 o-component of the SEP, was one of the few cortical 
areas with altered DWI signals. It is clearly evident, but fre- 
quently neglected, that the N 2 o component of the SEP in- 
forms only about a narrow cortical strip. To conclude from 
its absence, that there is diffuse cortical damage is an un- 
guarded but common practice after cardiac arrest. 

Recently, a similarly astonishing regain of consciousness 
has been reported in a patient after CPR who had no N 20 
SEP responses bilaterally [13] and recovered functionally, 
whereas our patient remained dependent, but recovered 
consciousness. This patient was part of a retrospective 
series of 113 consecutive patients entering a German spe- 
cialised rehabilitation unit comatose, vegetative or minim- 
ally conscious about one month after CPR [14]. Five of 
these patients with bilaterally absent N 2 o ("malignant SEP" 
in Table two in [14]) recovered consciousness to CRS 
scores above 23, which means that they used objects pur- 
posefully, recognized familiar people and spoke at least 
simple words (Table two in [14]). The prognostic indica- 
tors for early prognosis of CPR may be not applicable after 
prolonged survival. 

SEP findings should also be interpreted with more 
caution because they seem to be less reliable than ex- 
pected. Five neurologists agreed only moderately about 
presence of the N 20 peak after cardiac arrest [15]. In a 
recent study [16] the expert agreement was "very good" 
(kappa-coefficient: 0.88) only for well preserved SEP pat- 
terns. For patterns predicting bad outcome, kappa was 
only 0.76 ("good"). With a specificity of 93.5% the pat- 
tern of bilaterally absent N 20 predicted poor outcome 
less accurately than previously estimated [3]. This unex- 
pected suboptimal reliability warrants prognostic mod- 
esty after cardiac arrest. 

Prognostic assessment after cardiac arrest should in- 
clude DWI. An extensive cortical MRI lesion pattern 
was associated with poor outcome in 22 consecutive pa- 
tients, whereas a regional pattern as in our patient was 
less ominous [17]. Less than 10% of the brain volume 
had reduced absolute diffusion coefficients in survivors 
of post-cardiac arrest, whereas 10 to 40% of the brain 
was involved in most patients who died Figure four in 
ref. [18]. There are reports of symmetrical regional MRI 
lesion patterns, similar to our patient [17-19], Figure 
three in ref. Another patient with early myoclonic status 
epilepticus after CPR and therapeutic hypothermia who 
recovered despite several additional unfavourable prog- 
nostic signs had clinical abnormalities disproportionately 
worse than her DWI abnormalities-which were regional 
and symmetrical like in our patient, but did not include 
the primary sensory cortex [20]. She had preserved cor- 
tical SEP responses. 

Our patients MRI helps to understand her peculiar 
cognitive situation: locked in for voluntary movements 



and locked out form a great deal of sensory experience. 
Our patient s auditory cortex was the only primary sen- 
sory cortex with unaltered diffusion on MRI, explaining 
why sophisticated auditory games were her principal in- 
tellectual pleasure. We have few clues to our patients 
visual experience but we can conjecture about her somato- 
sensory experience. She suffered badly from a toothache, 
but was unable to locate it. The sensory-discriminative 
components of pain are mediated by the primary and sec- 
ondary sensory cortex, whereas the anterior cingulum is 
involved in affective evaluation of noxious stimuli [21]. 
Dissociation of the two pain components has been ob- 
served in a communicating patient [22]. It is probably 
present in our patient who has lost her primary sensory 
cortex, but preserved her anterior cingular cortex. There 
is a similar dissociation in her expressive behaviour. As in 
the anterior operculum syndrome [23] she is unable to ar- 
ticulate phonemes voluntarily, but utters them as part of 
expressed emotions. 

Our patient recovered consciousness to a considerable 
degree, however its content [24] is limited: her toothache 
obviously as not part of her discriminative conscious- 
ness. She probably suffers from her speechlessness more 
than from her quadriplegia because she is conscious of 
her failing acoustic output, but perhaps unaware of her 
limbs. The fate of our patient shows that MRI early after 
cardiac arrest is not only a valuable prognostic tool, but 
also helps to understand the cognitive state of patients 
after cerebral hypoxia. 

Consent 

Written informed consent for publication of this Case re- 
port and accompanying images was obtained from the pa- 
tients mother as her guardian. A copy of the written 
consent is available for review by the Editor of this journal. 

Competing interests 

The authors declare that they have no competing of interest. 



Authors' contributions 

SI and RP were responsible for the acute care of the patient, and GP for 
rehabilitation and follow up. GP prepared the manuscript. It was critically 
revised by SI and RP. All authors read and approved the final manuscript. 



Acknowledgements 

We are grateful to the patient and her family. 
Author details 

1 Abteilung weiterfuhrende Neurorehabilitation, Fachklinik Bad Liebenstein, 
Kurpromenade 2, 36448 Bad Liebenstein, Germany. 2 Clinic of Internal 
Medicine I, University Hospital Jena, Erlanger Allee, Germany, department of 
Neurology and Clinical Neurophysiology, Helios Hospital Wuppertal, Centre 
for Clinical Medicine, and University Witten/Herdecke, Wupperrtal, Germany. 

Received: 4 August 2013 Accepted: 17 March 2014 
Published: 11 April 2014 



Pfeiffer et al. BMC Neurology 2014, 14:82 
http://www.biomedcentral.eom/1 471-2377/1 4/82 



Page 5 of 5 



References 

1. Geocadin RG, Buitrago MM, Torbey MT, Chandra-Strobos N, Williams MA, 
Kaplan PW: Neurologic prognosis and withdrawal of life support after 
resuscitation from cardiac arrest. Neurology 2006, 67:105-108. 

2. Zandbergen EG, Koelman JH, de Haan RJ, Hijdra J: For the PROPAC-study 
group. Neurology 2006, 67:583-586. 

3. Wijdicks EFM, Hijdra A, Young GB, Bassetti CL, Wiebe S: Practice Parameter: 
Prediction of outcome in comatose survivors after cardiopulmonary 
resuscitation (an evidence-based review). Neurology 2006, 67:203-210. 

4. Stepan C, Haidinger G, Binder H: Die Problematik der klinischen 
Verlaufsbeurteilung von Patienten mit Apallischem Syndrom (AS) 
anhand von Rehabilitationsskalen - ein Uberblick. J Neurol Neurochir 
Psychiatr 2004, 5(3):14-22. http://www.kup.at/kup/pdf/4581.pdf. 

5. Betge S, Schulze-Bahr E, Fitzek C, Pfeifer R, Figulla HR, Witte OW, Isenmann 
S: Long QT syndrome causing grand mal epilepsy: case report, pedigree, 
therapeutic options, and review of the literature. Nervenarzt 2006, 
77:1210-1217. 

6. Laureys S, Celesia GC, Cohadon F, Lavrijsen J, Leon-Carrion J, Sannita WG, 
Sazbon L, Schmutzhard E, von Wild KR, Zeman A, Dolce C, The european task 
force on disorders of consciousness: Unresponsive wakefulness syndrome: a 
new name for the vegetative state or apallic syndrome. BMC Med 2010, 
8:68. http://www.biomedcentral.eom/1 741 -701 5/8/68. 

7. Monti MM, Vanhaudenhuyse A, Coleman MR, Boly M, Pickard JD, Tshibanda 
L, Owen AM, Laureys S: Willful modulation of brain activity in disorders of 
consciousness. N Engl J Med 2010, 362:579-89. 

8. Owen AM, Coleman MR, Boly M, Davis MH, Laureys S, Pickard JD: Detecting 
awareness in the vegetative state. Science 2006, 313:1402. 

9. Shiel A, Horn SA, Wilson BA, Watson MJ, Campbell MJ, McLellan DL: The 
Wessex Head Injury Matrix (WHIM) main scale: a preliminary report on a 
scale to assess and monitor patient recovery after severe head injury. 
Clin Rehabil 2000, 14:408-416. 

10. Thomke F, Marx JJ, Sauer O, Hundsberger T, Hagele S, Wiechelt J, 
Weilemann SL: Observations on comatose survivors of cardiopulmonary 
resuscitation with generalized myoclonus. BMC Neurol 2005, 5:14. 
http://www.biomedcentral.eom/1471-2377/5/14/. 

1 1 . The Multi-Society Task Force on PVS: Medical aspects of the persistent 
vegetative state. N Engl J Med 1994, 330:1499-1508. 1572-9. 

12. Rossetti AO, Oddo M, Logroscino G, Kaplan PW: Prognostication after 
cardiac arrest and hypothermia. A prospective study. Ann Neurol 2010, 
67:301-307. 

13. Bender A, Howell K, Frey M, Berlis A, Naumann M, Buheitel G: Bilateral loss 
of cortical SSEP responses is compatible with good Outcome after 
cardiac arrest. J Neurol 201 2, 259:2481-2483. 

14. Howell K, Grill E, Klein AM, Straube A, Bender A: Rehabilitation outcome of 
anoxic-ischemic encephalopathy survivors with prolonged disorders of 
consciousness. Resuscitation 2013, 84:1409-1415. 

15. Zandbergen EG, Hijdra A, Koelman JH, Hart AA, Vos PE, Veerbek MM, de 
Haan RJ: PROPAC Study Group. Prediction of poor outcome within the 
first 3 days of postanoxic coma. Neurology 2006, 66:62-68. 

16. Pfeifer R, Weitzel S, Gunther A, Berrouschot J, Fischer M, Isenmann S, Figulla 
HR: Investigation of the inter-observer variability effect on the prognostic value 
of somatosensory evoked potentials of the median nerve (SSEP) in cardiac 
arrest survivors using an SSEP classification. Resuscitation; 2013. http://dx.doi. 
org/1 0.1 01 6/j.resuscitation.201 3.05.01 6. 

17. Topcuoglu MA, Oguz KK, Buyukserbetci G, Bulut E: Prognostic value of 
magnetic resonance imaging in post-resuscitation encephalopathy. 
Intern Med 2009, 48:1635-1645. 

18. Wijman CAC, Mlynash M, Caulfield AF, Eyngorm I, Bammer R, Fishbein N, 
Albers GW, Moseley M: Prognostic value of brain diffusion weighted 
imaging after cardiac arrest. Ann Neurol 2009, 65:349-402. 

19. Arbalaez A, Castillo M, Mukherij SK: Diffusion-weighted MR Imaging of 
global cerebral anoxia. Am J Neuroradiol 1999, 20:999-1007. 

20. Greer DM: Unexpected good recovery in a comatose post-cardiac arrest 
patient with poor prognostic features. Resuscitation 2013, 84:e81-82. 

21. Kulkarni B, Bentley DE, Elliott R, Bentley DE, Elliott R, Youell P, Derbyshire 
SWG, Frackowiack RSJ, Friston KJ, Jones AKP: Attention to pain localization 
and unpleasantness determines the functions of the medial and lateral 
pain systems. Eur J Neurosci 2005, 21:3133-3142. 



22. Ploner M, Freund HJ, Schnitzler A: Pain affect without pain sensation in a 
patient with a postcentral lesion. Pain 1999, 81:21 1-214. 

23. Mao CC, Coull BM, Golpher LAC, Rau MT: Anterior operculum syndrome. 
Neurology 1 989, 39:1169-1172. 

24. Overgaard M: How can we know if patients in coma, vegetative state or 
minimally conscious state are conscious. Prog Brain Res 2009, 177:1 1-19. 



doi:1 0.1 1 86/1 471 -2377-1 4-82 

Cite this article as: Pfeiffer et al:. Cerebral hypoxia, missing cortical 
somatosensory evoked potentials and recovery of consciousness. BMC 

Neurology 201 4 14:82. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



